per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classification 5 : 




(11) International Publication Number: 


WO 93/20235 


C12Q 1/68, 1/34, C12P 19/34 


Al 


(43) International Publication Date: 


14 October 1993 (14.10.93) 



(21) International Application Number: PCT/US93/02960 

(22) International Filing Date : 3 1 March 1 993 (3 1 .03.93) 



(30) Priority data: 
861,910 



1 April 1992 (01.04.92) 



US 



(71) Applicant: THE JOHNS HOPKINS UNIVERSITY 

SCHOOL OF MEDICINE [US/US]; 550 North Broad- 
way, Baltimore, MD 21205 (US). 

(72) Inventors: VOGELSTEIN, Bert ; 3700 Breton Way, Balti- 

more, MD 21208 (US). KINZLER, Kenneth, W. ; 1348 
Halstead Road, Baltimore, MD 21234 (US). 

(74) Agents: WETHERELL, John, R., Jr. et al.; Spensley Horn 
Jubas & Lubitz, 1880 Century Park East, Fifth Floor, Los 
Angeles, CA 90067 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, FT, 
SE). 



Published 

With international search report. 



(54) Title: METHODS OF DETECTING MAMMALIAN NUCLEIC ACIDS ISOLATED FROM STOOL SPECIMEN AND 
REAGENTS THEREFOR 



STOOL TUMOR 
3 1 4 11 — PATIENT 11 4 1 3 




12 val 



12 osp 



vrr 



(57) Abstract 

^ A method to isolate nucleic acids from stool specimen which is used to detect mutations associated with gastrointestinal ne- 
oplasia An exemplary result obtained is shown in the Figure. Reagents used to carry out the isolation of nucleic acids are also 
disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Auslriu 


FR 


Franco 


MR 


Mauritania 


AU 


Australia 


GA 


Gabon 


MW 


Malawi 


BB 


Barbados 


GB 


United Kingdom 


NL 


Netherlands 


BE 


Belgium 


GN 


Guinea 


NO 


Norway 


BF 


Burkina Faso 


CR 


Greece 


NZ 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


Bj 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Brazil 


n* 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Ruiiian Federation 


CF 


Central African Repuhlic 


KP 


Democratic People'* Republic 


SD 


Sudan 


CC 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic or Keren 


SK 


Slovak Republic 


CI 


C6le d'l voire 


KZ 


Kazakhstan 


SN 


Senegal 


CM 


Cameroon 


LI 


Litxhiensicm 


su 


Soviet Union 


CS 


OxxhiMlovukij 


LK 


Sri lanka 


TD 


Clhad 


cz 


Oech Kupuhlic 


LU 


Ixtxcmboiirt; 


TC 


Togo 


DE 


Germany 


MC 


Monaco 


UA 


Ukraine 


OK 


Denmark 


MC 


Mada&isear 


US 


United States of America 


ES 


Spain 


MI. 


Mali 


VN 


Viet Nam 


n 


Finland 


MN 


Mongolia 







WO 93/20235 



PCT/US93/02960 



METHODS OF DETECTING MAMMALIAN NUCLEIC ACIDS ISOLATED FROM STOOL 
SPECIMEN AND REAGENTS THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a method of detecting a target nucleic acid in stool 
and reagents usefull therein. 

2. Description of Related Art 

An increasing body of evidence implicates somatic mutations as causally 
important in the induction of human cancers. These somatic mutations may 

1 o accumulate in the genomes of previously normal cells, some of which may then 
demonstrate the phenotypes associated wfth malignant growth. Such 
oncogenic mutations may include a number of different types of alterations in 
DNA structure, including deletions, translocations and single nucleotide 
alterations. The latter, also known as point mutations, may frequently intervene 

15 in carcinogenesis, in that a variety of mutagenic chemicals induce such 
mutations. In addition, such mutations may occur spontaneously as a result 
of mistakes in DNA replication. 

Advances in recombinant DNA technology have led to the discovery of normal 
cellular genes (proto-cncogenes and tumor suppressor genes) which control 
20 growth, development, and differentiation. Under certain circumstances , 
regulation of these genes is altered and they cause normal cells to assume 
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neoplastic growth behavior. There are over 40 known proto-oncogenes and 
suppressor genes to date, which fall into various categories depending on their 
functional characteristics. These include, (1) growth factors and growth fadtor 
receptors, (2) messengers of intracellular signal transduction pathways, for 
5 example, between the cytoplasm and the nucleus, and (3) regulatory proteins 
influencing gene expression and DNA replication. 

Point mutations have been directly implicated in the causation of many human 
tumors. Some tumors carry oncogenes of the ras gene family, which differ 
from their normal cellular counterpart proto-oncogenes by the presence of a 

10 point mutation at one of a limited number of sites in these genes. Similarly, 
point mutations in critical regions of tumor suppressor genes, such as p53, are 
often detected in tumor cells. These mutations represent qualitative changes 
in the tumor cell genome which distinguish these cells from normal cells and 
provide a basis for diagnosis of the genetic origin of a tumor under study. 

1 5 Identification of the mutations that have created active oncogenes may provide 
important diagnostic and prognostic clues for tumor development. For 
example, a number of mutations have been found to alter the 12th codon of 
the ras oncogenes, causing replacement of a normally present glycine by any 
of a number of alternative amino acid residues. Such amino acid substitutions 

20 create a potent transforming allele. Thus, the presence of a particular 
nucleotide substitution may be a strong determinant of the behavior of the 
tumor ceil {e.g., its rate of growth, invasiveness, etc.). As a result, DNA probes 
of oncogene mutations have promise as diagnostic reagents in clinical 
oncology. 

25 Among the various types of neoplasms, a number of those which are found in 
the gastrointestinal tract are associated with oncogenic mutations. This 
association is particularly significant for colorectal cancer. Colorectal cancer 
is the third most common malignancy in the world, with 570,000 new cases 
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expected in 1992. In the United States alone, over 60,000 people will die from 
colorectal cancer in this same year. While patients with advanced disease 
have a very poor prognosis, colorectaJ tumors diagnosed at any stage prior to 
metastasis can usually be cured by surgical or colonoscopic excision. A 
5 method to detect surgically resectable tumors could, therefore, considerably 
reduce deaths from this disease (Winawer, et a/., J. National Cancer Institute, 
§2:243, 1991). The only non-invasive test currently available for such a 
purpose involves testing stool for occult blood. Although stool blood tests may 
have value in certain circumstances, their utility is controversial, in part because 

10 the appearance of hemoglobin in stool is not specific for neoplasia (Ransohoff, 
et a/., New England Journal of Medicine, 225:37, 1991; Miller, et a/., Int J. 
Cancer, 4§:761, 1990). Although this has stimulated efforts to develop 
additional, non-invasive tests that could more reliably detect neoplasms of the 
colon and rectum, such attempts have failed. The present invention addresses 

15 this need. 
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SUMMARY OF THE INVENTION 

The present invention arose from the unexpected finding that nucleic acid 
having a mutant nucleotide sequence associated with gastrointestinal neoplasia 
is present in detectable levels in stool specimens from patients with 
5 gastrointestinal neoplasia. 

As a consequence of this discovery, the present invention represents a 
- significant advance over such techniques as tissue biopsy by providing a non- 
invasive, rapid, and accurate method for detecting mutant nucleotide 
sequences associated with gastrointestinal neoplasia. Based on this finding, 
10 it is now possible to detect various other target nucleic acids associated with 
other disease states. 
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DESCRIPTION OF THE DRAWINGS 

FIGURE 1. RAS gene mutations in stool were identified by plaque 
hybridization. PCR products containing the first coding exon of K-ras were 
generated from DNA extracted from the stools of patients 1, 2 and 10 (Table 
5 I) and cioned into a bacteriophage vector. The plaque lifts were hybridized to 
an oligonucleotide specific for wild-type Ras, an oligonucleotide specific for 
12 val (mutant probe 1), and to an oligonucleotide specific for 13** p (mutant 
probe 2). The number of plaques used for hybridization to the mutant specrfic 
oligonucleotides was five-fold higher than that used for the wild-type specrfic 
1 o oligonucleotide in order to attain a statistically significant number of hybridizing 
plaques. The ratios of plaques hybridizing to the mutant-specific probe versus 
the wiid-type-specrfic probe was 0.08:1 and 0.04:1 in patients 1 and 2, 
respectively. 

FIGURE 2. RAS gene mutations were detected using a Southern blot assay 
15 of PCR amplified products. PCR products containing the first coding exon of 
K-ras were generated from DNA extracted from stools and tumors of patients 
1,3,4, and 1 1 . PCR products were subjected to electrophoresis through a 2% 
agarose gel and transferred to nylon filters. The blots were hybridized to 
oligonucleotide probes specific for wild-type RAS (lower panel), the 12 Mp 
20 mutation (middle panel), or the 12 vaI mutation (top panel). The stool and tumor 
DNA samples from patients 3 and 4 contained a 12" p mutation, while those 
from patient 1 contained a 12 vfti mutation. Neither the stool DNA nor the tumor 
DNA of patient 1 1 contained either of these mutations. 
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DETAILFn n gSCFUPTION OF THE INVENTIO N 

The present invention relates to a method of detecting a nucleic acid having 
a mutant nucleotide sequence present in stool, wherein the presence of the 
altered nucleic acid sequence is associated with neoplasia of the 
5 gastrointestinal tract 



In its broadest sense, the present invention allows the detection of any target 
nudeic acid sequence of diagnostic or therapeutic relevance, where the target 
nucleic acid sequence is present in stool. Thus, the target nucleotide 
sequence may be, for example, a mutant nucleotide, a restriction fragment 
10 length polymorphs (RFLP), a nucleotide deletion, a nucleotide substitution, or 
any other mammalian nucleic acid sequence of interest 

In one embodiment, the method of the invention is applicable for detection of 
mutant nucleotide sequences associated with benign as well as malignant 
neoplasias. In a preferred embodiment, neoplasia of the gastrointestinal tract, 
15 including both the small and large intestine, pancreas, and stomach, is 
detected, although the method can be used to detect any neoplastic mutant 
nucleotide sequence, regardless of origin, as long as the sequence is 
detectably present in stool. 



20 



Benign neoplasias of the small intestine include adenomas, leiomyomas, 
lipomas, and angiomas, whereas large intestine benign neoplasias are primarily 
adenomatous polyps. The malignant neoplasias of the small intestine include 
adenocarcinomas, leiomyosarcomas, lymphomas, and carcinoid tumors. In the 
case of the large intestine and colon, colorectal carcinoma is the most common 
malignant neoplasia identified. 
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Numerous nucleic acids having mutant nucleotide sequences that produce an 
abnormal gene product are known to be associated with various neoplasias. 
Among the most common mutant nucleotide sequences are oncogenes and 
tumor suppressor genes, such as MCC, DCC, APC, FAP, and p53. Of special 
5 significance in the present invention is the detection of the K-ras mutant 
oncogene and the p53 tumor suppressor gene (Vogelstein, Nature, 34^:681 , 
1990). Further support for the detection of DCC, MCC, APC, and p53 can be 
found in pending U.S. patent applications having serial nos. 460,981, filed 
January 4, 1990; 07/670,611, filed March 13, 1991; 07/741,940, filed August 8, 
1 0 1 991 ; and 446,584 filed December 6, 1 989; respectively, which are incorporated 
herein by reference. 

In order to analyze stool specimens according to the method of the invention, 
it is necessary to separate the mammalian nucleic acid present in the 
specimen. There are two primary problems associated with the preparation of 

15 mammalian nucleic acid from stool. First, the mammalian nucleic acid must be 
liberated from the mammalian cells and separated from bacterial cells. This 
step is further complicated by the fact that it is desirable to avoid releasing 
nucleic acid from the bacterial cells, since there is such a huge excess of 
bacterial nucleic acid compared to eukaryotic nucleic acid in the stool 

20 specimen. Secondly, once liberated, the mammalian nucleic acid can be 
protected from the relatively high concentration of nucleases which are present 
in stool and which could degrade the liberated mammalian nucleic acid and 
thereby preclude its analysis. In the present invention, it has been found that 
these stringent criteria can be met by incubating the stool with a specially 

25 designed stool lysis buffer which contains a high concentration of buffer of at 
least about 500 mM, at a pH of at least about 8.0, containing a chelating agent 
such as EDTA, and a relatively low salt concentration, preferably less than 1 0 
mM, 
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The stool lysis buffer minimizes nucleic acid degradation by virtue of the pH 
and chelating properties, iyses eukaryotic ceils, but not bacterial cells, and is 
suitable for further processing to purify and/or concentrate the eukaryotic 
nucleic acid. After treatment with stool lysis buffer, the specimen is processed 
5 (e.g., by centrrfugation) to remove bacteria and other unwanted residues. The 
non-particulate fraction of the lysate is then incubated with a proteinase (such 
as 0.5 //g/ml proteinase K) in SDS (1%) to degrade nucleases and other 
proteins. The nucleic acid in the sample can be further separated by chemical 
means, such as extraction with phenol/chloroform, ammonium acetate to 
1 0 separate peptides from nucleic acid t and precipitation with ethanol. 

In addition, it has been found that stool also contains inhibitors which are 
preferably removed if the mutant nucleotide sequence present in the stool 
nucleic acid is to be amplified, such as by polymerase chain reaction (PCR). 
One of these inhibitors interferes with DNA amplification by Taq polymerase. 
15 This inhibitor can be removed by binding the stool nucleic acid to a stationary 
matrix in the presence of chaotropic saits, such as 6.0M sodium iodide or 
sodium perchlorate. Surprisingly, it has been found that glass is the preferred 
matrix for this purpose. Especially preferred commercial versions of glass are 
Prep-A-Gene™ (Bio-Rad) and Spin-Bind™ (FMC). 

20 The other inhibitor present in stool prevents the binding of nucleic acid to 
glass, it has been found that this second inhibitor can be removed by binding 
the inhibitor to a modified ion-exchange resin (e.g., Qiagen) in the presence of 
high salt concentrations such as at least about 1 .0M. Those of skill in the art 
can envision various ways that the above described process for concentrating 

25 and/or purifying mammalian DNA from stool specimens can be modified once 
it is recognized that mammalian nucleic acid can be selectively obtained from 
stool specimens. Alternatively, those of skill in the art can ascertain, without 
undue experimentation, alternative reagents and conditions which are 
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functionalty equivalent to those described herein, now that it is known that such 
methods are practicable on stool specimens. Such modifications and 
functional equivalents are embraced by the present invention. 

Amino acids referred to herein may be identified according to the following 
5 three-letter or one-letter abbreviations: 



Three-Letter One-Letter 
Amino Acid Abbreviation Abbreviation 





L-Aianine 


Ala 


A 




L-Arginine 


Arg 


R 


10 


L-Asparagine 


Asn 


N 




L-Aspartlc Acid 


Asp 


D 




L-Cysteine 


Cys 


C 




L-GIutamine 


Gin 


Q 




L-GlLrtamic Acid 


Glu 


E 


15 


L-Gfycine 


Gfy 


G 




L-Histidine 


His 


H 




L-lsoleucine 


lie 


I 




L-Leucine 


Leu 


L 




L-Lysine 


Lys 


K 


20 


L-Methionine 


Met 


M 




L-Phenyiaianine 


Phe 


F 




L-Proline 


Pro 


P 




L-Serine 


Ser 


S 




L-Threonine 


Thr 


T 


25 


L-Tryptophan 


Trp 


W 




LTyrosine 


Tyr 


Y 




L-Vafine 


Val 


V 



When it is desired to amplify the mutant nucleotide sequence before detection, 
this can be accomplished using oligonudeotide(s) which are primers for 
30 amplification. These unique oligonucleotide primers are based upon 
identification of the flanking regions contiguous with the mutant nucleotide 
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sequence. For example, in the case of K-ras, these oligonucleotide primers 

comprise sequences which are capable of hybridizing with the flanking 

nucleotide sequence 5'-TCCTTAAGTACTGACTTATATTTGAACA-3' and/or 

S-TAGCTTAAGATACGTATAATTTTGTTCTAA-a'andsequences complementary 
5 thereto. 



10 



15 



20 



25 



The primers which can be used according to the method of the invention 
embrace oligonucleotides of sufficient length and appropriate, sequence so as 
to provide specific initiation of polymerization of a significant number of nucleic 
acid molecules containing the target nucleic acid. In this manner, it is possible 
to selectively amplify the specific target nucleic acid sequence containing the 
nudeic acid of interest. Specifically, the term ''primer" as used herein refers to 
a sequence comprising two or more deoxyribonudeotides or ribonudeotides, 
preferably at least eight, which sequence is capable of initiating synthesis of a 
primer extension product, which is substantially complementary to a target 
nudeic acid strand. The oligonucleotide primer typically contains 15-22 or 
more nucleotides, although it may contain fewer nucleotides. 

Experimental conditions conducive to synthesis include the presence of 
nucleoside triphosphates and an agent for polymerization, such as DNA 
polymerase, and a suitable temperature and pH. The primer is preferably 
single stranded for maximum effidency in amplification, but may be double 
stranded. If double stranded, the primer is first treated to separate its strands 
before being used to prepare extension products. Preferably, the primer is an 
oligodeoxyribonucleotide. The primer must be sufficiently long to prime the 
synthesis of extension products in the presence of the inducing agent for 
polymerization. The exact length of primer will depend on many factors, 
including temperature, buffer, and nucleotide composition. 
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Primers used according to the method of the invention are designed to be 
"substantially" complementary to each strand of mutant nucleotide sequence 
to be amplified. Substantially complementary means that the primers must be 
sufficiently complementary to hybridize with their respective strands under 
conditions which allow the agent for polymerization to function. In other words, 
the primers should have sufficient complementary with the flanking sequences 
to hybridize therewith and permit amplification of the mutant nucleotide 
sequence. Preferably, the terminus of the primer that is extended has perfectty 
base paired complementarity with the complementary flanking strand. 

Oligonucleotide primers used according to the invention are employed in any 
amplification process that produces increased quantities of target nucleic acid. 
Typically, one primer is complementary to the negative (-) strand of the mutant 
nucleotide sequence and the other is complementary to the positive (+) strand. 
Annealing the primers to denatured nucleic acid followed by extension with an 
enzyme, such as the large fragment of DNA Polymerase I (Wenow) or Taq DNA 
polymerase and nucleotides or ligases, resutts in newly synthesized + and - 
strands containing the target nucleic acid. Because these newfy synthesized 
nucleic acids are also templates, repeated cycles of denaturing, primer 
annealing, and extension resutts in exponential production of the region (i.e., 
the target mutant nucleotide sequence) defined by the primer. The product of 
the amplification reaction is a discrete nucleic acid duplex with termini 
corresponding to the ends of the specific primers employed. Those of skill in 
the art will know of other amplification methodologies which can also be utilized 
to increase the copy number of target nucleic acid. 

The oligonucleotide primers for use in the invention may be prepared using 
any suitable method, such as conventional phosphotriester and phosphodiester 
methods or automated embodiments thereof. In one such automated 
embodiment, diethylphosphoramidites are used as starting materials and may 
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be synthesized as described by Beaucage, eta/. (Tetrahedron Letters, 859- 
1862, 1981). One method for synthesizing oligonucleotides on a modified solid 
support is described in U.S. Patent No. 4,458,066. One methbd of 
amplification which can be used according to this invention is the polymerase 
chain reaction (PCR) described in U.S. Patent Nos. 4,683,202 and 4,683,195. 

Any stool specimen nucleic acid, in purified or nonpurified form, can be utilized 
as the starting nucleic acid or acids, provided it contains, or is suspected of 
containing, the specific nucleic acid sequence containing the target nucleic 
acid. Thus, the process may employ, for example, DNA or RNA, including 
messenger RNA, wherein DNA or RNA may be single stranded or double 
stranded. In the event that RNA is to be used as a template, enzymes, and/or 
conditions optimal for reverse transcribing the template to DNA would be 
utilized, in addition, a DNA-RNA hybrid which contains one strand of each may 
be utilized. A mixture of nucleic acids may also be employed, or the nudeic 
acids produced in a previous amplification reaction herein, using the same or 
different primers may be so utilized. The mutant nucleotide sequence to be 
amplified, may be a fraction of a larger molecule or can be present initially as 
a discrete molecule, so that the specific sequence constitutes the entire nucleic 
acid. It is not necessary that the sequence to be amplified be present initially 
in a pure form; it may be a minor fraction of a complex mixture, such as 
contained in whole human DNA. 

Where the target mutant nucleotide sequence of the sample contains two 
strands, it is necessary to separate the strands of the nucleic acid before rt can 
be used as the template. Strand separation can be effected either as a 
separate step or simultaneously with the synthesis of the primer extension 
products. This strand separation can be accomplished using various suitable 
denaturing conditions, including physical, chemical, or enzymatic means; the 
word "denaturing" includes all such means. One physical method of separating 
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nucleic acid strands involves heating the nucleic acid until it is denatured. 
Typical heat denaturation may involve temperatures ranging from about 80 • to 
105 # C for times ranging from about 1 to 10 minutes. Strand separation may 
also be induced by an enzyme from the class of enzymes known as helicases 
5 or by the enzyme RecA, which has helicase activity, and in the presence of 
riboATP, is known to denature DNA, The reaction conditions suitable for 
strand separation of nucieic acids with helicases are described by Kuhn 
Hoffmann-Berling (CSH-Quantitative Biology, 43:63, 1978) and techniques for 
using RecA are reviewed in C. Radding (Ann. Rev. Genetics, 16:405-437. 
10 1982). 

If the nucleic acid containing the target nucieic acid to be amplified is single 
stranded, its complement is synthesized by adding one or two oligonucleotide 
primers, if a single primer is utilized, a primer extension product is synthesized 
in the presence of primer, an agent for polymerization, and the four nucleoside 

15 triphosphates described below. The product will be complementary to the 
single-stranded nucleic acid and will hybridize with a single-stranded nucleic 
acid to form a duplex of unequal length strands that may then be separated 
into single strands to produce two single separated complementary strands. 
Alternatively, two primers may be added to the single-stranded nucleic acid 

20 and the reaction carried out as described. 

When complementary strands of nucieic acid or acids are separated, 
regardless of whether the nucleic acid was originally double or single stranded, 
the separated strands are ready to be used as a template for the synthesis of 
additional nucleic acid strands. This synthesis is performed under conditions 
25 allowing hybridization of primers to templates to occur. Generally synthesis 
occurs in a buffered aqueous solution, preferably at a pH of 7-9, most 
preferably about 8. Preferably, a molar excess (for genomic nucleic acid, 
usually about 10 fl :1 primerrtemplate) of the two oligonucleotide primers is 
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added to the buffer containing the separated template strands, ft is 
understood, however, that the amount of complementary strand may not be 
known if the process of the invention is used for diagnostic applications, so 
that the amount of primer relative to the amount of complementary strand 
5 cannot be determined with certainty. As a practical matter, however, the 
amount of primer added will generally be in molar excess over the amount of 
complementary strand (template) when the sequence to be amplified is 
contained in a mixture of complicated long-chain nucleic acid strands. A large 
molar excess is preferred to improve the efficiency of the process. 

10 In some amplification embodiments, the substrates, for example, the 
deoxyribonucleotide triphosphates dATP, dCTP, dGTP, and dTTP, are added 
to the synthesis mixture, either separately or together with the primers, in 
adequate amounts and the resulting solution is heated to about 90 # -100*C 
from about 1 to 10 minutes, preferably from 1 to 4 minutes. After this heating 

15 period, the solution is allowed to cool to room temperature, which is preferable 
for the primer hybridization. To the cooled mixture is added an appropriate 
agent for effecting the primer extension reaction (called herein "agent for 
polymerization"), and the reaction is allowed to occur under conditions known 
in the art. The agent for polymerization may also be added together with the 

20 other reagents if it is heat stable. This synthesis (or amplification) reaction may 
occur at room temperature up to a temperature above which the agent for 
polymerization no longer functions. Thus, for example, if DNA polymerase is 
used as the agent, the temperature is generally no greater than about 40 -C. 
Most conveniently the reaction occurs at room temperature. 

25 The agent for polymerization may be any compound or system which will 
function to accomplish the synthesis of primer extension products, including 
enzymes. Suitable enzymes for this purpose include, for example, £. coli DNA 
polymerase !, Taq polymerase, Wenow fragment of £ coli DNA polymerase I, 
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T4 DNA polymerase, other available DMA polymerases, polymerase muteins, 
reverse transcriptase, ligase. and other enzymes, including heat-stable enzymes 
(i.e.. those enzymes which perform primer extension after being subjected to 
temperatures sufficiently elevated to cause denaturation). Suitable enzymes will 
facilitate combination of the nucleotides in the proper manner to form the 
primer extension products which are complementary to each mutant nucleotide 
strand. Generally, the synthesis will be initiated at the 3' end of each primer 
and proceed in the 5" direction along the template strand, until synthesis 
terminates, producing molecules of different lengths. There may be agents for 
polymerization, however, which initiate synthesis at the 5" end and proceed in 
the other direction, using the same process as described above. In any event, 
the method of the invention is not to be limited to the embodiments of 
amplification which are described herein. 



The newly synthesized mutant nucleotide strand and its complementary nucleic 
acid strand will form a double-stranded molecule under hybridizing conditions 
described above and this hybrid is used in subsequent steps of the process. 
In the next step, the newly synthesized double-stranded molecule is subjected 
to denaturing conditions using any of the procedures described above to 
provide single-stranded molecules. 



The above process is repeated on the single-stranded molecules. Additional 
agent for polymerization, nucleosides, and primers may be added, if necessary, 
for the reaction to proceed under the conditions prescribed above. Again, the 
synthesis will be initiated at one end of each of the oligonucleotide primers and 
will proceed along the single strands of the template to produce additional 
nucleic acid. After this step, half of the extension product will consist of the 
specific nucleic acid sequence bounded by the two primers. 
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The steps of denaturing and extension product synthesis can be repeated as 
often as needed to amplify the target mutant nucleotide sequence to the extent 
necessary for detection. The amount of the mutant nucleotide sequence 
produced will accumulate in an exponential fashion. 

5 The amplified product may be detected by analyzing it by Southern blots 
without using radioactive probes. In such a process, for example, a small 
sample of DNA containing a very low level of mutant nucleotide sequence is 
amplified, and analyzed via a Southern blotting technique. The use of non- 
radioactive probes or labels is facilitated by the high level of the amplified 
10 signal. 

Nucleic acids having a mutation detected in the method of the invention can 
be further evaluated, detected, cloned, sequenced, and the like, either in 
solution or after binding to a solid support, by any method usually applied to 
the detection of a specific DNA sequence such as PGR, oligomer restriction 

1 5 (Saiki, et a/. r Bio/T echnology, 2:1 008-1 012, 1 985), allele-specific oligonucleotide 
(ASO) probe analysis (Conner, et a/., Proc. Natl. Acad. ScL USA, SQ:278, 
1983), oligonucleotide ligation assays (OLAs) (Landegren, ef a/. f Science, 
241:1077, 1988), and the like. Molecular techniques for DNA analysis have 
been reviewed (Landegren, ef a/., Science, 242:229-237, 1988). Thus, in a 

20 preferred embodiment where the mutant nucleotide sequence to be detected 
is K-ras, a hybridization probe is utilized which is capable of hybridizing with 
mutant nucleotide sequences comprising 5'-CCTCGACAACCGCATCCGTT-3\ 
5'-CCTCGACTACCGCATCCGTT-3\ or 5'-CCTCGACCACTGCATCCGTT-3\ and 
sequences complementary thereto. 

25 In an embodiment of the invention, purified nucleic acid fragments containing 
intervening sequences or oligonucleotide sequences of 10-50 base pairs are 
radioactively labelled. The labelled preparations are used to probe nucleic acid 
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from stool by the Southern hybridization technique. Nucleotide fragments from 
stool, before or after amplification, are separated into fragments of different 
molecular masses by gel electrophoresis and transferred to filters which bind 
nucleic acid. After exposure to the labelled probe, which will hybridize to 
nucleotide fragments containing target nucleic acid sequences, binding of the 
radioactive probe to target nucleic acid fragments is identified by 
autoradiography (see Genetic Engineering, 1 , ed. Robert Williamson. Academic 
Press, (1981). 72-81). Alternatively, nucleic add from stool can be bound 
directly to filters to which the radioactive probe selectively binds nucleic acids 
having the sequence of interest specific sequences and the degree of binding 
is quantitated by directly counting the radioactive emissions. 

Where the target nucleic add is not amplified, detection using an appropriate 
hybridization probe may be performed directly on the separated mammalian 
nucleic acid. In those instances where the target nudeic acid is amplified, 
detection with the appropriate hybridization probe would be performed after 
amplification. 



The probes of the present invention can be used for examining the distribution 
of the specific fragments detected, as well as the quantitative (relative) degree 
of binding of the probe for determining the occurrence of specific strongly 
binding (hybridizing) sequences, thus indicating the likelihood for an individual 
to be at low risk or high risk for neoplastic disease, such as colorectal 
carcinoma. 



For the most part, the probe will be labelled with an atom or inorganic radical, 
most commonly using radionuclides, but also perhaps heavy metals. 
Conveniently, a radioactive label may be employed. Radioactive labels include 
P. ,2S i, 3 H, 14 C, or the like. Any radioactive label may be employed which 
provides for an adequate signal and has sufficient half-life. Other labels include 
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iigands, which can serve as a specific binding pair member for a labelled 
ligand, and the like. A wide variety of labels have been employed in 
immunoassays which can readily be employed in the present assay. The 
choice of the label will be governed by the effect of the label on the rate of 
5 hybridization and binding of the probe to mutant nucleotide sequence. It will 
be necessary that the label provide sufficient sensitivity to detect the amount 
of mutant nucleotide sequence available for hybridization. Other considerations 
will be ease of synthesis of the probe, readily available instrumentation, ability 
to automate, convenience, and the like. 

10 The manner in which the label is bound to the probe will vary depending upon 
the nature of the label. For a radioactive label, a wide variety of techniques 
can be employed. Commonly employed is nick translation with an a ^P-dNTP 
or terminal phosphate hydrolysis with alkaline phosphatase followed by labeling 
with radioactive employing ^P-NTP and T4 polynucleotide kinase. 

15 Alternatively, nucleotides can be synthesized where one or more of the 
elements present are replaced with a radioactive isotope, e.g., hydrogen with 
tritium. If desired, complementary labelled strands can be used as probes to 
enhance the concentration of hybridized label. 

Where other radionuclide labels are involved, various linking groups can be 
20 employed. A terminal hydroxyl can be esterified, with inorganic acids, e.g., ^P 
phosphate, or 14 C organic acids, or else esterified to provide linking groups to 
the label. Alternatively, intermediate bases may be substituted with actrvatable 
linking groups which can then be linked to a label. 

Enzymes of interest as reporter groups will primarily be hydrolases, particularly 
25 esterases and glycosidases, or oxidoreductases, particularly peroxidases. 
Fluorescent compounds include fluorescein and its derivatives, rhodamine and 
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its derivatives, dansyl, umbelliferone, and so forth. Chemiluminescers include 
iuciferin, and 2, 3-dihydrophthalazinediones (e.g., luminol). 

The probe can be employed for hybridizing to a nucleotide sequence affixed 
to a water insoluble porous support. Depending upon the source of the 
5 nucleic acid, the manner in which the nucleic add is affixed to the support may 
vary. Those of ordinary skill in the art know, or can easily ascertain, different 
supports which can be used in the method of the invention. 

The nucleic acid from a stool specimen is spotted or spread onto a filter to 
provide a plurality of individual portions. The filter is an inert porous solid 

10 support, e.g., nitrocellulose. Any mammalian cells present in stool are treated 
to liberate their nucleic acid. The lysing and denaturation of nucleic acid, as 
well as the subsequent washings, can be achieved with an appropriate solution 
for a sufficient time to ryse the cells and denature the nucleic acid. For lysing, 
chemical lysing will conveniently be employed, as described previously for the 

15 stool lysis buffer. Other denaturation agents include elevated temperatures, 
organic reagents, e.g., alcohols, amides, amines, ureas, phenols arid sulfoxides 
or certain inorganic ions, e.g., thiocyanate and perchlorate. 

After denaturation, the filter is washed in an aqueous buffered solution, such 
as Tris, generally at a pH of about 6 to 8, usually 7. One or more washings 

20 may be involved, conveniently using the same procedure as employed for the 
lysing and denaturation. After the lysing. denaturing, and washes have been 
accomplished, the nucleic acid spotted filter is dried at an elevated 
temperature, generally from about 50 *C to 70 'C. Under this procedure, the 
nucleic acid is fixed in position and can be assayed with the probe when 

25 convenient. 
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Pre-hybridization may be accomplished by incubating the fitter at a mildly 
elevated temperature for a sufficient time with the hybridization solution without 
the probe to thoroughly wet thef filter. Various hybridization solutions may be 
employed, comprising from about 20% to 60% volume, preferably 30%, of an 
5 inert polar organic solvent A common hybridization solution employs about 
50% formamide, about 0.5 to 1M sodium chloride, about 0.05 to 0.1 M sodium 
citrate, about 0.05 to 0.2% sodium dodecylsutfate, and minor amounts of EDTA, 
ficoll (about 300-500 kD), polyvinylpyrrolidone, (about 250-500 kD) and serum 
albumin. Also included in the hybridization solution will generally be from about 
10 0.5 to 5 mg/ml of sonicated denatured DNA f e.g., calf thymus of salmon 
sperm; and optionally from about 0.5 to 2% wt/vol glycine. Other additives 
may also be included, such as dextran sulfate of from about 100 to 1,000 kD 
and in an amount of from about 8 to 15 weight percent of the hybridization 
solution. 

1 5 The particular hybridization technique is not essential to the invention. Other 
hybridization techniques are described by Gall and Pardue, Proc. Natl. Acad. 
ScL 63:378, 1969; and John, et a/., Nature, 222:582, 1969. As improvements 
are made in hybridization techniques they can readily be applied in the method 
of the invention. 

20 The amount of labelled probe which is present in the hybridization solution will 
vary widely, depending upon the nature of the label, the amount of the labelled 
probe which can reasonably bind to the fitter, and the stringency of the 
hybridization. Generally, substantial excess over stoichiometric concentrations 
of the probe will be employed to enhance the rate of binding of the probe to 

25 the fixed target nucleic acid. 

Various degrees of stringency of hybridization may be employed. The more 
severe the conditions, the greater the compfementarily that is required for 
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hybridization between the probe and the single stranded target nudeic acid 
sequence for duplex formation. Seventy can be controlled by temperature, 
probe concentration, probe length, ionic strength, 'time, and the like. 
Conveniently, the stringency of hybridization is varied by changing the polarity 
of the reactant solution by manipulating the concentration of formamide in the 
range of 20% to 50%. Temperatures employed will normally be in the range 
of about 20 -C to 80 usually 30 -C to 75 -C (see, generally, Current 
Protocols in Molecular Biology, Ausubel, ed., Wiley & Sons, 1989). 

After the filter has been contacted with a hybridization solution at a moderate 
temperature for a period of time sufficient to allow hybridization to occur, the 
filter is then introduced into a second solution having analogous concentrations 
of sodium chloride, sodium citrate and sodium dodecylsuffate as provided in 
the hybridization solution. The time for which the filter is maintained in the 
second solution may vary from five minutes to three hours or more. The 
second solution determines the stringency, dissolving cross duplexes and short 
complementary sequences. After rinsing the fitter at room temperature with 
dilute sodium citrate-sodium chloride solution, the filter may now be assayed 
for the presence of duplexes in accordance with the nature of the label. Where 
the label is radioactive, the filter is dried and exposed to X-ray film. 

The materials for use in the assay of the invention are ideally suited for the 
preparation of a kit. Such a kit may comprise a carrier means being 
compartmentalized to receive in close confinement one or more container 
means such as vials, tubes, and the like, each of the container means 
comprising one of the separate elements to be used in the method. 

For example, one of the container means may comprise a hybridization probe 
which is or can be detectabiy labelled. A second container may comprise a 
stool lysis buffer. The kit may also have containers containing nucleotide (s) for 
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amplification of the target nucleic acid sequence and/or a container comprising 
a reporter-means, such as a biotin-binding protein, such as avidin or 
streptavidin, bound to a reporter molecule, such as an enzymatic, florescent. 
• or radionuclide label. 

5 The above disclosure generally describes the present invention. A more 
complete understanding can be obtained by reference to the following specific 
examples which are provided herein for purposes of illustration only and are 
not intended to limit the scope of the invention. 
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EXAMPLE 1 

DETECTION OF NEOPLASTIC DNA FROM STOOL SPECIMENS 

An initial study was performed to anafyze tumors from twenty-four patients for 
the presence of K-ras gene mutations at codons 12 or 13. These cases 
5 comprised a consecutive series of clinical patients from whom stool samples 
could be obtained prior to bowel preparation for colonoscopy or surgery and 
who were later found to have either a malignant colorectal tumor (carcinoma) 
or a benign tumor (adenoma) greater than 1 cm in diameter. Adenomas of 
this size are clinically the most important, as they are much more likely to 
1 o progress to malignancy than smaller tumors. 

The first exon of the K-ras gene was amplified from DNA purified from cryostat 
sections of these tumors (Fearon, et aL, Nature, 318:377, 1985) using the 
polymerase chain reaction (PCR). For PCR, the sense primer was 
5 , -AGGAATTCATGACTGAATATAAACTTGT-3 ? and the antisense primer was 

1 5 S'-ATCGMTTCTATGCATATTAAAACAAGATT-S'. These primers included EcoRI 
sites at their 5 1 ends to facilitate cloning. Each cycle of PCR consisted of a 
denaturing step at 95 • C for 30s ( followed by annealing at 55 • C for 30s and 
extension at 70 *C for 45s. For each PCR. 500 ng template DNA and 5 units 
Taq polymerase were used in a 50prl reaction containing 1.5 and mM dNTP's, 

20 16.6 mM ammonium sulfate, 67 mM Tris, pH 8.8, 8,67 mM MgC^, 10 mM 
/3-mercaptoethanol, and 10% dimethyisulf oxide. In this specific example, 35 
cycles were performed for tumor DNA and 45 cycles for stool DNA. 

The PCR products were cloned en masse, and pooled to identify mutations. 
PCR products were purified by phenol-chloroform extraction and ethanol 
25 precipitation. They were cleaved with EcoRI, repurified, and approximately 50 
ng of DNA was ligated to lambda Zap II vector arms (Stratagene) and 
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packaged according to the manufacturer's directions. XU Blue cells 
(Stratagene) were infected with bacteriophage and double-stranded plasmids 
were obtained using a helper phage (Nigro, et a/., Nature, 342:705, 1989). A 
minimum of 100 clones was pooled for sequencing using the primer 
5 S'-ATTCGTCCACAAAATGAT-S'. In this study, 9 of the twenty-four tumors 
(37%) were found to contain mutations of this exon. Three different mutations 
were identified (codon 12: gly-*val or asp; codon 13:gly-*asp). These data were 
consistent with previous studies in similar tumors which showed that 
approximately 50% contained Ras gene mutations, with 84% of the mutations 
10 confined to codons 12 or 13 of K-ras (Vogelstein, ef a/., N. Engl. J. Med., 
212:525, 1988). 

Next, stools from the first two of the nine patients were analyzed. Several 
methods to purify DNA were evaluated, and the most reproducible procedure 
subsequently used. In this procedure, approximately 100 mg of stool frozen 

15 at -80 • C was diluted with 300 y\ of lysis buffer (500 mM Tris, 50 mM EDTA, 10 
mM NaCI, pH 9.0) vortexed, and particulates and most bacteria removed by 
centrifugation (12,000 g, 2 min, 30s). DNA in the supernatant was purified by 
SDS-proteinase K digestion, phenol chloroform extraction, and ethanol 
precipitation (Goeiz, et aL, Biochem Biophys Res. Common., 13:118, 1985). 

20 The DNA from stool was then further purified by binding to glass beads 
(Vogelstein and Gillespie, Proc. Natl. Acad. ScL USA, 7§:615, 1978) using a 
Prepagene matrix (BioRad). Five microliters of matrix was used to purify the 
DNA from 100 mg of stool, following the conditions specified by the 
manufacturer. Typically, 0.5 to 5.0 fjg of DNA was obtained. 

25 The first exon of the K-ras gene was then PCR-amplified from this DNA in the 
same fashion as described above for the DNA from the tumors. Because it 
was initially expected that mutant Ras genes would represent only a small 
fraction of the total Ras genes in stool (if present at all), a very sensitive 
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technique for analysis was used for K-ras which involved cioning in 
bacteriophage. This technique had previously been shown to allow 
identification of a small fraction of mutant p53 genes in the urine of patients 
with advanced bladder cancers and to reveal the existence of even one mutant 
5 gene among several thousand normal genes (Sidransky, et a/.. Science, 
252:706. 1991). 

SL1 cells infected with bacteriophage containing PGR products were plated on 
L-agar at a density of 100-2,000 plaques per plate, transferred to nylon 
membranes, and hybridized with oligonucleotides specific for wild-type or 

10 mutant K-ras genes. Hybridization was performed for one hour at 50 # C in 
buffer H (0.9M sodium chloride, 0.005M, EDTA, 0.05 M sodium phosphate, pH 
7.0, 1% sodium dodecyl sulfate (SDS), 0.5% non-fat dried milk, 10% formamide 
and 6% polyethylene glycol 6000) containing 10 7 dpm/mi probe. Washes were 
performed at 63* C in 450 mM sodium chloride, 18 mM sodium citrate, 1 mm 

1 5 Tris, pH7.2, 0.1 % SDS for 15 mins. Films were exposed for 1 -8 hours at -80 • C 
with intensifying screens. The oligonucleotides used for hybridization were 
5'-GGAGCTGGTGGCGTAGGCAA-3' for wild-type (wt) Ras, 
5'-GGAGCTGTTGGCGTAGGCAA-3' for the 1 2 Vftl mutant, 
5'-GGAGCTGATGGCGTAGGCAA-3' for the 12" p mutant, and 

20 5'-GGAGCTGGTGACGTAGGCAA-3' for the 13" p mutant Oligonucleotides 
were labelled to a specific activity of approximately 10 8 dpm/^g using T4 
polynucleotide kinase. 

Analysis of these findings surprisingly showed that both patients contained 
mutant Ras genes in the DNA purified from their stool samples. The mutant 
25 genes detected in the stool were the same as those detected in the tumors 
(12 vai in the stool and tumor of patient 1 ; 13" p in the stool of patient 2, FIGURE 
1). A control stool sample from a patient without a Ras gene mutation in his 
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tumor contained no mutations at either of these positions (FIGURE 1, patient 
10). 

The fraction of phage plaques hybridizing to the mutant-specific oligonucleotide 
in patients 1 and 2 was quite high, representing 8% and 4%. respectively, of 
the phage hybridizing to the oligonucleotide specific for the wild-type K-ras 
gene. These unexpected findings indicated that a less sensitive, but simpler, 
assay that can be used to identify mutant genes in stool samples. 

In order to explore the possibility that a simpler and more rapid technique 
could be used to detect a specific target sequence, in this case the various 
K-ras genes, crude PCR products were simply subjected to electrophoresis 
through an agarose gel and transferred to nylon filters by the method of 
Southern. These blots were then incubated with radiolabelled oligonucleotides 
recognizing wild-type or mutant K-ras genes. Examples of the results are 
shown in FIGURE 2 for paired tumor and stool samples. The 12^ mutation 
found in patient 1 was easily observed in her stool using the Southern blot 
assay (FIGURE 2, top panel). The oligonucleotides specific for the 12*** 
mutant provided a negative control (FIGURE 2, middle panel). The wild-type 
specific oligonucleotide hybridized to DNA from both tumor and stool, as 
expected (FIGURE 2, lower panel). Similarly, Southern blot analysis revealed 
that the tumors and stool of the DNA from patients 3 and 4 both contained the 
12" p mutation, while neither hybridized to the 12 v4l -specjfic oligonucleotide 
(FIGURE 2). The ratio of mutant to wild-type hybridization in the stool samples 
was 5-10 fold lower than that in the tumors, consistent with the plaque 
hybridization assays. 



25 



The stools from all nine patients were analyzed by Southern blot analysis and 
mutations were detected in eight of them (TABLE I). Mutations originating in 
benign tumors (patients 2 and 9) as well as malignant tumors were detectable 
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in the stool. Tumors as small as 1.3 cm 3 gave rise to detectable mutant genes 
in the stool (patient 2). Moreover, the locations within the bowel did not 
appear critical because even very proximal tumors (patient 9, cecum; patient 
7, ascending colon) gave positive results. 
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As controls, six stool samples were examined, three from patients with no 
colorectal neoplasia and three from patients with colorectal tumors that did not 
contain K-fas mutations at codons 12 or 13. In all six cases, strong 
hybridization to the wild-type-specific oligonucleotides, but not to the 
5 oligonucleotides specific for 12 val , 12** p , or 13** p mutations, was observed 
(TABLE I, examples in FIGURES 1 and 2). 

The results of these experiments provide an embodiment wherein successful 
detection of neoplasia was accomplished and provides a practical basis for a 
new approach for detecting the presence of neoplasias, such as colorectal 

10 tumors, in a non-invasive fashion. The approach would have utility in 
monitoring patient populations on different diets or treatments designed to 
minimize the incidence of neoplasia, ft also could be used in screening 
asymptomatic patients, especially those at risk by virtue of inherited or 
environmental factors, for the presence of neoplasia. The current results 

1 5 indicate that a significant fraction of early colorectal cancers and dangerous 
pre-malignant lesions can be identified through this strategy. Additionally, 
these findings indicate that other mutant nucleotide sequences, besides K-ras, 
which are associated or indicative of gastrointestinal neoplasias would also be 
detectable in stool specimens. Such sequences include, for example, the 

20 genes for DCC, MCC, FAP, and APC where p53 can be found. 

The above disclosure generally describes the present invention. A more 
complete understanding can be obtained by reference to the following specific 
examples which are provided herein for purposes of illustration only and are 
not intended to limit the scope of the invention. 
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SUMMARY OF SFQ IjPMrpg 

Sequence ID No. 1 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
invention (page 10, line 3); 

5 Sequence ID No. 2 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
invention (page 10, line 4); 

Sequence ID No. 3 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
10 invention (page 16, line 22); 

Sequence ID No. 4 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
invention (page 16, line 23. first occurrence); 



15 



20 



Sequence ID No. 5 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
invention (page 16, line 23, second occurrence); 

Sequence ID No. 6 is a nucleic acid sequence of an oligonucleotide for the 
sense sequence of the first exon of K-ras gene (page 23, line 14); 

Sequence ID No. 7 is a nucleic acid sequence of an oligonucleotide for the 
antisense sequence of the first exon of K-ras gene (page 23, line 15); 
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Sequence ID No. 8 is a nucleic acid sequence of an oligonucleotide primer 
used to amplify a mutant nucleic acid sequence in the method of the present 
invention (page 24, line 5); 

Sequence ID No. 9 is a nucleic acid sequence of an oligonucleotide for wild 
5 type Ras (page 25, line 17); 

Sequence ID No. 10 is a nucleic acid sequence of an oligonucleotide for the 
Ras 12 Vft; mutant (page 25, line 18); 

Sequence ID No. 11 is a nucleic acid sequence of an oligonucleotide for the 
Ras 12" p mutant (page 25, line 19); and 

10 Sequence ID No. 12 is a nucleic acid sequence of an oligonucleotide for the 
Ras 13 Mp mutant (page 25, line 20). 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_RNA 
10 (B) LOCATION: 1. .28 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

TCCTTAAGTA CTGACTTATA TTTGAACA 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

20 (ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1. .30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TAGCTTAAGA TACGTATAAT TTTGTTCTAA 
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(2) INFORMATION FOR SEQ ID NO:3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_RNA 
10 (B) LOCATION: 1. .20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
CCTCGACAAC CGCATCCGTT 20 
(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (ix) FEATURE: 

(A) NAME /KEY: miscJWA 

(B) LOCATION: 1. .20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



CCTCGACCAC TGCATCCGTT 



20 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Ix) FEATURE: 

(A) NAME /KEY : misc_RNA 

(B) LOCATION: 1. .20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CCTCGACCAC TGCATCCGTT 
(2) INFORMATION FOR SEQ ID NO: 6: 

SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

20 (ix) FEATURE : 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1..28 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGGAATTCAT GACTGAATAT AAACTTGT 



(i) 



15 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1..30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ATCGAATTCT ATGCATATTA AAACAAGATT 

(2) INFORMATION FOR SEQ ID NO: 8: 

(I) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

20 (ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1. .18 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
ATTCGTCCAC AAAATGAT 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1. .20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GGAGCTGGTG GCGTAGGCAA 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: misc — RNA 

(B) LOCATION: 1. .20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGAGCTGTTG GCGTAGGCAA 

20 



WO 93/20235 



PCI7US93/02960 



-3&- 



(2) INFORMATION FOR SEQ ID NO : 11 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_RNA 
10 (B) LOCATION: 1. .20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

GGAGCTGATG GCGTAGGCAA 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



20 (ix) FEATURE: 

(A) NAME/KEY: misc_RNA 

(B) LOCATION: 1..20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



GGAGCTGGTG ACGTAGGCAA 



20 
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CLAIMS 

1 . A method for detecting a target nucleic acid in a stool specimen, which 
method comprises separating the mammalian nucleic acid present in the 
stool specimen and detecting the presence of the target nucleic acid. 

2. The method of claim 1, wherein the target nucleic acid is amplified 
before detecting. 

3. The method of claim 2, wherein the amplification is by means of 
oligonucleotide(s) capable of hybridizing to the flanking regions of the 
target nucleic acid. 

4. The method of claim 1, wherein the target nucleic acid comprises a 
mutation, a restriction fragment length polymorphism, a nucleic acid 
deletion, or a nucleic acid substitution. 

5. The method of claim 4, wherein the mutation is associated with a 
neoplasm. 

6. The method of claim 5, wherein the neoplasm is of the gastrointestinal 
tract. 

7. The method of claim 6, wherein the neoplasm is found In the small 
intestine. 

8. The method of claim 7, wherein the neoplasm is benign. 

9. The method of claim 8, wherein the neoplasm is selected from the 
group consisting of adenomas, leiomyomas, lipomas, and angiomas. 
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1 0. The method of claim 7, wherein the neoplasm is malignant 

11. The method of claim 10, wherein the neoplasm is selected from the 
group consisting of adenocarcinomas, leiomyosarcomas, lymphomas, 
and carcinoid tumors. 

12. The method of claim 6, wherein the neoplasm is found in the large 
intestine. 

13. The method of claim 12, wherein the neoplasm is benign. 

14. The method of claim 13, wherein the neoplasm is an adenomatous 
polyp. 

15. The method of claim 12, wherein the neoplasm is malignant. 

16. The method of claim 15, wherein the neoplasm is colorectal carcinoma. 

17. The method of claim 5, wherein the neoplasm is carcinoma of the 
pancreas. 

18. The method of claim 6, wherein the neoplasm is carcinoma of the 
stomach. 

1 9. The method of claim 5, wherein the target nucleic acid associated with 
the neoplasm is selected from the group consisting of an oncogene and 
a tumor suppressor gene. 



20. 



The method of claim 19, wherein the oncogene is a member of the ras 
family. 



WO 93/20235 



PCT/US93/02960 



-41- 



21. The method of claim 20, wherein the oncogene is K- 



ras. 



22. The method of claim 1 9, wherein the tumor suppressor gene is selected 
from the group consisting of p53, DCC, MCC, FAP. and APC. 

23. The method of claim 3, wherein the nucleotide sequence of the flanking 
region to which the oligonucleotide is capable of hybridizing is selected 
from 

5'-TCCTTAAGTACTGACTTATATTTGAACA-3' 
or 

5'-TAGCTTAAGATACGTATAATTTTGTTCTAA-3 , I and 
sequences complementary thereto. 

24. The method of claim 23, wherein the oligonucleotide is 

5'-AGGAATTCATGACTGAATATAAACTTGT-3' 
or 

S'-ATCGAATTCTATG CATATTAAAAC AAG ATT-3 ', and 
sequences complementary thereto. 

25. The method of claim 1 . wherein the target nucleic acid is detected using 
a nucleotide hybridization probe. 

26. The method of claim 25. wherein the target nucleic acid to which the 

nucleotide hybridization probe is capable of hybridizing is selected from 

5*-CCTCGACAACCGCATCCGTT-3\ 

5-CCTCGACTACCGCATCCGTT-3\ 
or 

S'-CCTCGACCACTGCATCCGTT-S', and 
sequences complementary thereto. 
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27. The method of claim 26, wherein the nucleotide hybridization probe is 
selected from 

5'-GGAGCTGTTGGCGTAGGCAA-3\ 
5'-GGAGCTGATGGCGTAGGCAA-3\ 
or 

5'-GGAGCTGGTGACGTAGGCAA-3\ and 
sequences complementary thereto. 

28. A method for separating mammalian nucleic acid from a stool specimen 
comprising: 

(a) removing particulate matter from a stool specimen in stool lysis 
buffer to produce a non-particulate fraction; and 

(b) separating the nucleic acid from the non-particulate fraction. 

29. The method of claim 28, wherein the non-particulate fraction is treated 
to degrade nucleases. 

30. The method of claim 29, wherein the treated non-particulate fraction is 
extracted to concentrate the nucleic acid. 

31. The method of claim 29, further comprising at least one of the steps of 
binding the nucleic acid to glass in the presence of a chaotropic salt or 
binding the nucleic acid to a modified ion-exchange matrix. 

32. The method of claim 28, wherein the stool lysis buffer has a pH from 
about 8.0 to about 9.0, a chelating agent at a concentration from about 
10 mM to about 200 mM, and a salt concentration from about 1 mM to 
about 20 mM. 
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33. The method of claim 32, wherein the chelating agent is EDTA. 

34. The method of claim 32, wherein the salt is NaCI. 

35. The method of claim 28, wherein the particulate matter is removed by 
centrifugation. 

36. The method of claim 29, wherein the nucleases are degraded with 
proteinase K. 

37. The method of claim 30, wherein the non-particulate fraction is extracted 
with phenol-chloroform and precipitated with ethanol. 

38. A stool lysis buffer comprising a chelating agent at a concentration from 
about 10 mM to about 200 mM and a salt at a concentration from about 
1 mM to about 20 mM at a pH from about 8.0 to about 9.0. 

39. The buffer of cfaim 38, wherein the chelating agent is EDTA. 

40. The buffer of claim 38, wherein the salt is NaCI. 



41. The buffer of claim 38, further comprising Tris at a concentration from 
about 0.1 M to about 1 M. 



42. A kit useful for the detection of a target nucleic acid from a stool 
specimen, the kit comprising carrier means being compartmentalized to 
receive in close confinement therein one or more containers comprising 
a first container containing a hybridization probe, and a second 
5 container containing a stool lysis buffer. 
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43. The kit of claim 43, further comprising a container containing an 
oligonucleotide primer for amplification of the target nucleic acid. 
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